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ABSTRACT: 

PURPOSE: To use a liquid crystal optical element for a 
projection type 

display and to commonly use the element as a rear surface 
projection type and a 

front surface projection type by constituting the liquid 
crystal optical 

element in such a manner that the element can be changed 
over to a light 

scattering state and a transparent state having concave and 
convex lens 
functions at need. 

CONSTITUTION: The liquid crystal optical element 1 can 
be changed over to 
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the light scattering state and the transparent state having 
the concave and 

convex lens functions by changing over the light scattering 
state and 

transparent state of a liquid crysta^^l. by an 
electrooptical effect or 

thertnooptical effect. The lens function of the lenticular 

lens 3a is 

controlled by changing the refractive index of the liquid 
crystal 4 by the 

electrooptical effect or thermooptical effect, by which the 
element can be 

changed over to the light scattering state and the 
transparent state. Further, 

the lens function of the Fresnel lens 2a and the lens 
function of the 

lenticular lens 3a are alternately exhibited by changing 
the refractive index 

of the liquid crystal 4 by the electrooptical effect or 
thermooptical effect, 

by which the element is changed over to the light 
scattering state and the 

transparent state having the concave and convex lens 
functions • 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is drawing of longitudinal section in which showing the 1st example of this invention and 
showing the electrical -potential-difference impression condition and the condition of not impressing of a 
liquid crystal optical element. 

[Drawing 2] It is drawing of longitudinal section in which showing the 2nd example of this invention 
and shoAving the ordinary temperature condition and heating condition of a liquid crystal optical 
element. 

Prawing 3] It is drawing of longitudinal section in which showing the 3rd example of this invention 
and showing the electrical-potential-difference impression condition and the condition of not impressing 
of a liquid crystal optical element. 

Prawing 4] It is drawing of longitudinal section in which showing the 4th example of this invention and 
showing the electrical -potential-difference impression condition and the condition of not impressing of a 
liquid crystal optical element. 

Prawing 5] It is drawing of longitudinal section in which showing the 5th example of this invention and 
showing the configuration of the optical system at the time of using a projection mold display as a tooth- 
back projection mold. 

Prawing 6] It is drawing of longitudinal section in which showing the 5th example of this invention and 
showing the configuration of the optical system at the time of using a projection mold display as a front 
projection mold. ^ 
Pescription of Notations] 

1 Liquid Crystal Optical Element 

2 Transparence Substrate 
2a Fresnel lens 

3 Transparence Substrate 
3a Lenticular lens 

4 Liquid Crystal 

5 ITO Electrode Layer 

6 Drive Power Source 
9 Transparence Heater 



[Translation done.] 



http://www4.ipdl.inpit.go.j p/cgi-bin/tran_web_cgi_ejj e 



12/13/07 



JP,06-265891,A [DETAILED DESCRIPTION] 



Page 1 of 9 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to image projection equipments using the liquid crystal 
optical element which pinched liquid crystal with the transparence substrate of a pair, and this liquid 
crystal optical element, such as a projection mold display and a slide projector. 
[0002] 

[Description of the Prior Art] The projection mold display is more advantageous to big-screen-izing of a 
television set than direct viewing type television. This projection mold display is classified into a CRT 
method and a liquid crystal method according to the device which forms an image. Moreover, it is 
classified into a front projection mold and a tooth-back projection mold according to the approach of 
projecting an image. The projection mold display of a front projection mold projects an image on the 
screen arranged ahead of equipment, and a tooth-back projection mold projects an image on the screen 
fixed to the case of a display unit from a tooth back. 

[0003] On the other hand, there is a tooth-back projection mold projected on the screen formed not only 
in a front projection mold but in the case, in this case, the optical axis of optical system can be 
mechanically changed also to a slide projector, and a front projection mold and a tooth-back projection 
mold can be also [ projector ] used now. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the projection mold display of a front projection 
mold can obtain the big screen of home theater feeling easily, and although there is an advantage that a 
screen size can also be set up freely, if it is not an installation environment in consideration of receipt or 
modulated light of a screen, it has a fault on actuation in which it cannot use easily. Moreover, while it 
has the advantage that the projection mold display of a tooth-back projection mold can be installed, and 
can be used with the same feeling as the usual direct viewing type television, the screen size is being 
fixed and this screen size has the fault that it is regulated by the case of a display unit and cannot do not 
much greatly. 

[0005] Then, if it enables it to make a front projection mold and a tooth-back projection mold serve a 
double purpose like the above-mentioned shde projector, both advantage can be utilized according to a 
situation, but in order to change the optical axis of comparatively complicated optical system like 
especially a projection mold display, a large-sized optic and a large-scale machinery are needed, and the 
problem cost not only becomes high, but that tends to cause failure arises. 

[0006] The place which this invention is made in view of such the present condition, and is made into 
that purpose is offering the image projection equipment which can make a tooth-back projection mold 
and a front projection mold serve a double purpose using the liquid crystal optical element which can 
change a screen function and a lens function, and this liquid crystal optical element. 
[0007] 

[Means for Solving the Problem] The transparence substrate of the pair prepared face to face by the 
liquid crystal optical element of this invention, The liquid crystal which is enclosed between the 
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transparence substrates of this pair and can take one of the conditions of the 1st condition and the 2nd 
condition at least. The optical member which is formed in this liquid crystal side of [ one / at least ] the 
transparence substrates of this pair and which makes light condense or emit, Have the liquid crystal 
control means which switches this 1st condition and this 2nd condition, when this liquid crystal takes 
this 1st condition, scatter light, when this liquid crystal takes this 2nd condition, light is made to 
condense or emit, and the above-mentioned purpose is attained by that. 
[0008] Said optical member may be a Fresnel lens. 

[0009] The transparence substrate of the pair prepared face to face by the liquid crystal optical element 
of this invention, The liquid crystal which is enclosed between the transparence substrates of this pair 
and can take one of the conditions of the 1st condition and the 2nd condition at least, The optical 
member which is formed in this Uquid crystal side of [ one / at least ] the transparence substrates of this 
pair and over which light is scattered, It has the liquid crystal control means which switches this 1st 
condition and this 2nd condition, when this liquid crystal takes this 1st condition, light is penetrated, 
when this liquid crystal takes this 2nd condition, light is scattered and the above-mentioned purpose is 
attained by that. 

[0010] Said optical member may be a lenticular lens. 

[001 1] the liquid crystal optical element of this invention - the 1st transparence substrate - this - with 
the transparence substrate of a pair which consists of the 2nd transparence substrate which counters the 
1st transparence substrate and is prepared The liquid crystal which is enclosed between the transparence 
substrates of this pair and takes one of the conditions of the 1st condition and the 2nd condition at least, 
this with the 1st optical member which is formed in this liquid crystal side of the 1st transparence 
substrate and which makes light condense or emit this - with the 2nd optical member which is formed 
in this liquid crystal side of the 2nd transparence substrate and over which light is scattered Have the 
liquid crystal control means which switches this 1st condition and this 2nd condition, when this liquid 
crystal takes this 1st condition, scatter light, when this liquid crystal takes this 2nd condition, light is 
made to condense or emit, and the above-mentioned purpose is attained by that. 
[0012] Said 1st optical member may be a Fresnel lens, and said 2nd optical member may be a lenticular 
lens. 

[0013] Said liquid crystal optical element is further equipped with a heating means to heat this hquid 
crystal, in order to cause the phase transition of said liquid crystal, and said liquid crystal control means 
may switch said the 1st condition and said 2nd condition by controlling this heating means. 
[0014] Said liquid crystal optical element is further equipped with the transparent electrode formed on 
the transparence substrate of said pair, and an electric-field impression means to impress electric field to 
this transparent electrode in order to change the molecular arrangement of said liquid crystal, and said 
liquid crystal control means may switch said the 1st condition and said 2nd condition by controlling this 
electric-field impression means. 

[0015] A heating means to heat this liquid crystal in order that said liquid crystal optical element may 
cause the phase transition of this liquid crystal, It has further the transparent electrode formed on the 
transparence substrate of said pair, and an electric-field impression means to impress electric field to this 
transparent electrode in order to change the molecular arrangement of this liquid crystal. By controlling 
this heating means and this electric-field impression means, said liquid crystal control means may switch 
said the 1st condition and said 2nd condition, 

[0016] The image projection equipment of this invention is image projection equipment equipped with 
the light source which generates light, the liquid crystal display component which changes this Ught into 
reception, changes this light into image light, and carries out outgoing radiation, and a projection means 
to project this image light, and the above-mentioned purpose is attained by having fiirther said liquid 
crystal optical element which receives this projected image light. 
[0017] 

[Function] In the liquid crystal optical element of this invention, the condition of liquid crystal is 
switched to the 1st condition that the refractive index of liquid crystal and an optical member becomes 
almost the same, and the 2nd condition that both refractive indexes differ. Thus, if liquid crystal and an 
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optical member are combined, it will become possible by switching the condition of liquid crystal 
dispersion and to make it condense or emit of a liquid crystal optical element about incident hght. In the 
1st condition, it will be in a light-scattering condition, using a Fresnel lens as an optical member, and in 
the 2nd condition, if the liquid crystal which will be in a transparence condition is used, when liquid 
crystal is in the 1st condition, a liquid crystal optical element will scatter incident light. Moreover, since 
the refractive index of liquid crystal differs from the refractive index of a Fresnel lens when it is in the 
2nd condition, the light which carried out incidence to the liquid crystal optical element penetrates liquid 
crystal, and is condensed or emitted by the Fresnel lens. 

[0018] Since the refractive index of liquid crystal and a lenticular lens is almost the same when liquid 
crystal is in the 1st condition if a lenticular lens is used as an optical member, the light which carried out 
incidence to the liquid crystal optical element is penetrated as it is. Since the refractive indexes of liquid 
crystal and a lenticular lens differ when liquid crystal is in the 2nd condition, the incident light which 
penetrated liquid crystal is scattered about with a lenticular lens. 

[0019] Moreover, form a Fresnel lens on [ one ] the substrate of a pair, and a lenticular lens is formed on 
another side. If liquid crystal to which the refractive index of liquid crystal becomes almost the same as 
the refractive index of a lenticular lens in the refractive index and the 2nd condition of a Fresnel lens in 
the 1st condition is used When liquid crystal is in the 1st condition, in the boundary part of the substrate 
and liquid crystal with which the Fresnel lens was formed, incident light passes as it is, without being 
refracted, and is scattered about with liquid crystal and a lenticular lens. Incident light is condensed or 
emitted by the Fresnel lens when liquid crystal is in the 2nd condition. 

[0020] A switch of a liquid crystal condition is performed by the liquid crystal control means. If the 
heating means for heating liquid crystal is formed in a liquid crystal optical element, the condition 
(phase) of liquid crystal can be switched to it by controlling a heating means by the liquid crystal control 
means using the phase transition by the temperature change of liquid crystal. For example, phase 
transition of the liquid crystal of the focal conic array of the cholesteric phase in ordinary temperature or 
chiral smectic equality can be carried out to the isotropic hot liquid phase, and the condition of liquid 
crystal can be switched to a transparence condition from a light-scattering condition. 
[0021] Moreover, the condition of liquid crystal can also be switched using the phase transition of liquid 
crystal by preparing a transparent electrode in each on the substrate of a pair, and impressing electric 
field to liquid crystal using an electric-field impression means. For example, by impressing electric field 
to liquid crystal, phase transition can be carried out from the focal conic array of a cholesteric phase or 
chir^ pneumatic equality to the HOMEOTORO pick array of a nematic phase, and a condition can be 
switched to a transparence condition from a light-scattering condition. Moreover, by performing 
birefringence control (ECB) of liquid crystal, for example by this electric field, a HOMEOTORO pick 
array can be made to be able to change from the homogeneous array by orientation processing of a 
nematic phase, and a refractive index can be changed. 

[0022] If the liquid crystal optical element of the above-mentioned configuration is applied to image 
projection equipment, when using image projection equipment as a tooth-back projection mold, an 
image can be projected on this liquid crystal optical element by making a liquid crystal optical element 
into a Ught-scattering condition. Moreover, when using as a front projection mold, by making a liquid 
crystal optical element into a transparence condition, this liquid crystal optical element can be made to 
be able to penetrate, and an image can be projected on a front screen. Under the present circumstances, 
the lens operation which performs optical condensing or optical emission of a liquid crystal optical 
element can be used. 
[0023] 

[Example] Hereafter, this invention is explained about an example, referring to a drawing. 
[0024] Drawing 1 is drawing of longitudinal section in which showing the 1st example of tiiis invention 
and showing the electrical -potential-difference impression condition and the condition of not impressing 
of a liquid crystal optical element. 

[0025] By the electro-optical effect or tiie thermooptic effect, liquid crystal can also change a light- 
scattering condition and a transparence condition while being able to change a refractive index, 



http ://www4 . ipdl .inpit.go.j p/cgi-bin/tran_web_cgi_ej j e 



12/13/07 



JP,D6-265891,A [DETAILED DESCRIPTION] 



Page 4 of 9 



RITAZESHON (retardation), etc. The liquid crystal optical element by this invention is explained. 
[0026] The liquid crystal optical element 1 counters and arranges the transparence substrates 2 and 3 of 
a pair, and pinches liquid crystal 4 among these transparence substrates 2 and 3. A refractive index 
consists of resin of the polycarbonate system of 1.59, the lateral surface is a flat and, as for one 
transparence substrate 2, convex lens-like Fresnel lens 2a is formed in the medial surface. Since Fresnel 
lens 2a can make homogeneity mostly thickness of the liquid crystal 4 which forms a lens side in 
concentric circular stair-Uke, and pinches it, it has the advantage that control can be made easy 
compared with the case where the usual convex lens is used. Moreover, a refractive index consists of 
acrylic resin of 1 .49, and, as for the transparence substrate 3 of another side, the inside-and-outside side 
face is formed in the flat. 

[0027] The ITO electrode layers 5 and 5 are formed in both the medial surfaces of the transparence 
substrates 2 and 3 . The ITO electrode layer 5 is a thin film which formed ITO (Indium Tin Oxide) which 
is transparent electric conduction material to the medial surface of the transparence substrates 2 and 3 by 
the spatter etc., and is more preferably formed in the thickness of about 1000-3000A 500-5000A. These 
ITO electrode layers 5 and 5 are connected to the extemal drive power source 6, and the square wave 
electrical potential difference of an alternating current is impressed. Alternating voltage is impressed for 
preventing degradation of liquid crystal 4. Moreover, the transparence insulator layer 7 is formed in the 
surface of the ITO electrode layer 5 in piles at the medial surface of the transparence substrate 3. The 
transparence insulator layer 7 is a transparent insulator layer for preventing the leakage current at the 
time of impressing an electrical potential difference to the ITO electrode layers 5 and 5, and is more 
preferably formed in the thickness of about 1000-3000A of 500-5000A of spatters etc. 
[0028] Closure immobilization of the above-mentioned transparence substrates 2 and 3 is carried out 
with the epoxy resin 8 in the perimeter in the condition of having opened spacing and having arranged 
the medial surface face to face. Moreover, inlet 8a is prepared in this epoxy resin 8, and liquid crystal 4 
is poured in by the vacuum pouring-in method among the transparence substrates 2 and 3 from this inlet 
8a. The closure of the inlet 8a is carried out with a photoresist epoxy resin after impregnation of liquid 
crystal 4. 

[0029] In this example, the pneumatic liquid crystal from which the refractive index in the case 
(abnormality light) of presenting a nematic phase in ordinary temperature, and a refractive index in case 
the polarization direction (oscillating vector) of incident light becomes perpendicular to the major axis 
of a liquid crystal molecule (Tsunemitsu) being set to 1 .49 as liquid crystal 4, and becoming parallel is 
set to 1.59, for example, the chiral pneumatic liquid crystal which added the chiral matter (optically 
active substance) to ZLI-3783 (no=1.49, ne=1.59) by Merck Co., was used. If the chiral pneumatic 
liquid crystal which added the chiral matter is used for a pneumatic liquid crystal, when the drive power 
source 6 will not impress an electrical potential difference, the chiral pneumatic liquid crystal 4 takes a 
focal conic array. Incident light is scattered about in order that the molecule with the same spiral 
structure as cholesteric liquid crystal of a chiral pneumatic liquid crystal may carry out orientation at 
random at this time. Moreover, at the time of electrical-potential-difference impression, phase transition 
is carried out to the nematic phase of a HOMEOTORO pick array. Since it becomes a HOMEOTORO 
pick array, an array with the major axis of a liquid crystal molecule perpendicular to a substrate side is 
taken, liquid crystal will be in a transparence condition and the refractive index of liquid crystal will be 
set that there is nothing to 1.49 by relation in the polarization direction of incident light. 
[0030] If incidence of the light almost parallel to the liquid crystal optical element 1 of the above- 
mentioned configuration is carried out, when the drive power source 6 will not impress an electrical 
potential difference, as shown in electrical -potential-difference tiie non-impressed field of the drawing 1 
lower part, incident light is scattered about witii liquid crystal 4. Therefore, it will be in the opaque 
condition that the liquid crystal optical element 1 became cloudy, in this case, and if an image is 
projected here, it can use as a screen. Moreover, since a refractive index will be in the transparence 
condition of 1 .49 and liquid crystal 4 will be different from tiie refractive index 1.59 of the transparence 
substrate 2 when the drive power source 6 impresses the square wave electrical potential difference of an 
alternating current, Fresnel lens 2a formed in the medial surface of the transparence substrate 2 will 
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function as a convex lens, and incident light will be condensed as shown in the electrical-potential- 
difference impression field of the drawing 1 upper part. Therefore, it can use in this case as a convex 
lens at the time of projecting an image on a front screen, 

[003 1] Drawing 2 is drawing of longitudinal section in which showing the 2nd example of this invention 
and showing the ordinary temperature condition and heating condition of a liquid crystal optical 
element. In addition, the same number is appended to the configuration member which has the same 
function as the 1st example shown in drawing 1 , and explanation is omitted. 

[0032] The change in the own light-scattering condition of liquid crystal and the transparence condition 
is used like [ the liquid crystal optical element of this example ] the 1st example. 
[0033] Like the 1st example, the liquid crystal optical element 1 counters and arranges the transparence 
substrates 2 and 3 of a pair, it pinches liquid crystal 4 among these transparence substrates 2 and 3, and 
convex lens-like Fresnel lens 2a is formed in the medial surface of one transparence substrate 2, 
However, the ITO electrode layer 5 and the transparence insulator layer 7 are not formed, but are 
replaced with these, and the transparence heater 9 is stuck on the lateral surface of one transparence 
substrate 2. The transparence heater 9 is a transparent electric heat sheet, and is connected to the external 
drive power source 6. Moreover, the smectic liquid crystal which presents a smectic C phase in ordinary 
temperature here, for example, the chiral smectic C liquid crystal which added the chiral matter to CS- 
1010 by Chisso Corp., was used for liquid crystal 4. In the case of the ordinary temperature in which the 
drive power source 6 does not heat the transparence heater 9, this liquid crystal 4 presents a chiral 
smectic C phase. In a chiral smectic C phase, in order that the liquid crystal molecule which had the 
same spiral structure as cholesteric liquid crystal with the chiral matter may carry out orientation at 
random, incident light is scattered about. Moreover, when the drive power source 6 heats the 
transparence heater 9 and heats liquid crystal 4 to about 90 degrees C, phase transition is carried out to 
the isotropic liquid phase. The isotropic liquid phase is in a transparent liquid condition, and does not 
produce optical anisotropy, either. 

[0034] If incidence of the light almost parallel to the Uquid crystal optical element 1 of the above- 
mentioned configuration is carried out, when the drive power source 6 will not heat the transparence 
heater 9, if incident light will be scattered about and an image is projected here with liquid crystal 4 as 
shown in the ordinary temperature field of the drawing 2 upper part, it can use as a screen. Moreover, 
when the drive power source 6 heats the transparence heater 9, the phase of liquid crystal 4 is transferred 
to an isotropic phase, and liquid crystal 4 will be in a transparence condition. Since it differs from the 
refractive index of the liquid crystal 4 at this time, the transparence substrate 2, and a refractive index, 
Fresnel lens 2a formed in the medial surface of the transparence substrate 2 will function as a convex 
lens, and incident light will be condensed as shown in the heating field of the drawing 2 lower part. 
Therefore, the liquid crystal optical element 1 can be used now in this case as a convex lens at the time 
of projecting an image on a front screen. 

[0035] A change in the own light-scattering condition of liquid crystal and the transparence condition 
can use the method of arbitration other than the method by the 1st example of the above, and the 2nd 
example. The main things of this method can be summarized as follows, if it divides into the thing using 
the existence, electric-field impression, or heating of orientation processing of a substrate. 
[0036] (1) As an example of the method this gentleman type to which the orientation condition of liquid 
crystal is changed by not performing orientation processing but impressing electric field The method 
which carries out phase transition to the nematic phase (transparence) of a HOMEOTORO pick array 
from the cholesteric phase (light scattering) of a focal conic array as shown in the 1st example, The 
polymer liquid crystal of a nematic phase or a smectic phase is distributed in a resin plate with a 
microcapsule etc., it considers as the light-scattering condition by the particulate material at the time of 
no electrical-potential-difference impressing, and the method which the molecular arrangement in a 
particulate material changes to a horizontal or the transparence condition which becomes perpendicular 
is held at the time of electrical-potential-difference impression. 

[0037] (2) Orientation processing is not performed, but as shown in the 2nd example of a method to 
which the orientation condition of liquid crystal is changed with heating, there are a method by the 
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phase transition from a chiral smectic phase Oight scattering) to the isotropic liquid phase 
(transparence), a method which carries out phase transition to the isotropic liquid phase (transparence) 
from the cholesteric phase (light scattering) of a focal conic array. 

[0038] (3) Orientation processing is performed and there is a method which used change of the 
molecular arrangement by change (DHF method) in the 1 shaft array condition (transparence) that spiral 
structure came loose, by electrical-potential-difference impression from the chiral smectic C phase (light 
scattering) which takes the method spiral structure to which the orientation condition of liquid crystal is 
changed by impressing electric field. 

[0039] (4) Orientation processing is performed and there are a method by the phase transition from the 
chiral smectic C phase (light scattering) which takes the method spiral structure to which the orientation 
condition of liquid crystal is changed with heating to the smectic A phase (transparence) to which the 
molecule was horizontally equal to one shaft in a substrate, a method which carries out phase transition 
to the isotropic liquid phase (transparence) from the cholesteric phase (light scattering) of a finger 
texture. 

[0040] Drawing 3 is drawing of longitudinal section in which showing the 3rd example of this invention 
and showing the electrical-potential-difference impression condition and the condition of not impressing 
of a liquid crystal optical element. In addition, the same number is appended to the configuration 
member which has the same function as the example shown in drawing 1 and drawing 2 , and 
explanation is omitted. 

[0041] The liquid crystal optical element of this example changes a refractive index with tiie DAP 
method using the birefringence effectiveness (ECB) of liquid crystal. 

[0042] Like the 1st example, the liquid crystal optical element 1 counters and arranges the transparence 
substrates 2 and 3 of a pair, and pinches liquid crystal 4 among these transparence substrates 2 and 3. 
However, a refractive index consists of acrylic resin of 1,49, and, as for one transparence substrate 2, the 
inside-and-outside side face is formed in the flat. Moreover, lenticular lens 3a by which a refractive 
index consists of resin of tiie polycarbonate system of 1,59, the lateral surface is a flat, and the 
transparence substrate 3 of another side formed convex [ detailed / much ] in the medial surface is 
formed. 

[0043] Like the 1st example, the ITO electrode layers 5 and 5 are more preferably formed in the 
thickness of about 1000-3000A, 5O0-50O0A connects with the external drive power source 6, and the 
square wave electrical potential difference of an alternating current is impressed to the medial surface of 
the transparence substrates 2 and 3, Moreover, the transparence insulator layer 7 is formed in the surface 
of the ITO electrode layer 5 of the spatter etc. in piles at the medial surface of the transparence substrate 
2 at the thickness of about 2000A. Furthermore, while the orientation film 10 is formed in the surface of 
the transparence insulator layer 7 in piles at the medial surface of this transparence substrate 2, the 
orientation film 10 is formed on lenticular lens 3 a also at the medial surface of the transparence substrate 
3. Uniaxial orientation processing is performed to these orientation film 10 and 10, Moreover, the 
transparence substrates 2 and 3 open spacing of about 50 micrometers so that a rubbing shaft may serve 
as anti-parallel, and closure immobilization is carried out with the eppxy resin 8. 
[0044] The pneumatic liquid crystal by Merck Co. which used in the 1st example from which the 
refractive index in the case of presenting a nematic phase in ordinary temperature here, and a refractive 
index in case the polarization direction of incident light becomes perpendicular to the major axis of a 
liquid crystal molecule being set to 1,49, and becoming parallel is set to 1.59, ZLI-3783 [ for example, ], 
(no=l .49, ne=l .59) was used for liquid crystal 4. This liquid crystal 4 presents the nematic phase of a 
homogeneous array, when the drive power source 6 does not impress an electrical potential difference. 
In the nematic phase of a homogeneous array, in order that the major axis of a liquid crystal molecule 
may carry out orientation at a level with a substrate side, it is in a transparence condition and a refractive 
index produces the birefringence of 1.49 and 1.59 according to the polarization direction of incident 
light. Moreover, at the time of electrical-potential-difference impression, it changes to the nematic phase 
of a HOMEOTORO pick array. In tiie nematic phase of a HOMEOTORO pick array, in order that tiie 
major axis of a liquid crystal molecule may carry out orientation at right angles to a substrate side, it is 
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in a transparence condition and the refractive index of incident light is set to 1.49 equally [ there is no 
involvement in the polarization direction and ] to it. 

[0045] In this example, a polarizing plate 1 1 is arranged ahead of the liquid crystal optical element 1, 
and incidence of the incident light is carried out to the Uquid crystal optical element 1 through a 
polarizing plate 1 1 . The polarizing plate 1 1 is arranged in the direction which penetrates only the 
incident light of the polarization direction which becomes parallel to the major axis of the liquid crystal 
molecule of the above-mentioned liquid crystal 4 at the time of no electrical-potential-difference 
impressing. 

[0046] Since the refractive index of the liquid crystal 4 to the polarization direction of the incident light 
which passed along the polarizing plate 1 1 is set to 1 .59 and it is in agreement with the refractive index 
of the transparence substrate 3 as shown in electrical-potential-difference the non-impressed field of the 
drawing 3 lower part when the drive power source 6 does not impress an electrical potential difference if 
incidence of the light almost parallel to the liquid crystal optical element 1 of the above-mentioned 
configuration is carried out, lenticular lens 3a will not demonstrate a lens function, but will pass as it is. 
Therefore, in this case, the image of incident light can be made to penetrate as it is, and it can project 
now on a front screen. Moreover, when the drive power source 6 impresses the square wave electrical 
potential difference of an alternating current, since the refractive index of the liquid crystal 4 to incident 
light is set to 1.49 and will be different from the refractive index 1.59 of the transparence substrate 3, 
lenticular lens 3a functions, and incident light is made scattered about as shown in the electrical- 
potential-difference impression field of the drawing 3 upper part. Therefore, it will be in the opaque 
condition that the liquid crystal optical element 1 became cloudy, in this case, and if an image is 
projected here, it can use as a screen. 

[0047] Drawing 4 is drawing of longitudinal section in which showing the 4th example of this invention 
and showing the electrical-potential-difference impression condition and the condition of not impressing 
of a liquid crystal optical element. In addition, the same number is appended to the configuration 
member which has the same function as the example shown in drawing 1 - drawing 3 , and explanation 
is omitted. 

[0048] The liquid crystal optical element of this example also changes the refractive index of liquid 
crystal with the DAP method using the birefringence effectiveness of liquid crystal. 
[0049] Like the 1st example and the 3rd example, the liquid crystal optical element 1 counters and 
arranges the transparence substrates 2 and 3 of a pair, and pinches liquid crystal 4 among these 
transparence substrates 2 and 3. However, a refractive index consists of acrylic resin of 1.49, the lateral 
surface is a flat and, as for one transparence substrate 2, Fresnel lens 2a is formed in the medial surface. 
Moreover, like the 3rd example, a refractive index consists of resin of the polycarbonate system of 1.59, 
the lateral surface is a flat and lenticular lens 3a is formed in the medial surface by the transparence 
substrate 3 of another side. 

[0050] The ITO electrode layer 5 and the orientation film 10 are formed in the medial surface of the 
transparence substrate 2 like the 3rd example, and the ITO electrode layer 5, the transparence insulator 
layer 7, and the orientation film 10 are formed also in the medial surface of the transparence substrate 3. 
The ITO electrode layers 5 and 5 are connected to the external drive power source 6, and the square 
wave electrical potential difference of an alternating current is impressed. Moreover, uniaxial orientation 
processing is performed to the orientation film 10 and 10, the transparence substrates 2 and 3 open 
spacing of about 50 micrometers, and closure immobilization is carried out with the epoxy resin 8 so 
that a rubbing shaft may serve as anti-parallel. 

[0051] The liquid crystal 4 which also pours in this example among the transparence substrates 2 and 3 
uses the same liquid crystal as the 3rd example. Moreover, the polarizing plate 1 1 is arranged like the 
3rd example ahead of the liquid crystal optical element 1. 

[0052] Since the refractive index of the liquid crystal 4 to the polarization direction of the incident light 
which passed along the polarizing plate 1 1 is set to 1.59, it is different from the refractive index 1.49 of 
the transparence substrate 2 and the refractive index of Ae transparence substrate 3 is in agreement as 
shown in electrical -potential-difference the non-impressed field of the drawing 4 lower part when the 
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drive power source 6 does not impress an electrical potential difference if incidence of the light almost 
parallel to the liquid crystal optical element 1 of the above-mentioned configuration is carried out, only 
Fresnel lens 2a will demonstrate a convex lens function, and will condense incident light. Therefore, it 
can use now in this case as a convex lens at the time of projecting an image on a front screen. Moreover, 
the refractive index of the liquid crystal 4 to incident light is set to 1.49, since the refractive index 1.59 
of the transparence substrate 3 is different in accordance with the refractive index of the transparence 
substrate 2, only lenticular lens 3a functions and incident light is made scattered about as shown in the 
electrical-potential-difference impression field of the drawing 4 upper part when the drive power source 
6 impresses the square wave electrical potential difference of an alternating current. Therefore, it will be 
in the opaque condition that the liquid crystal optical element 1 became cloudy, in this case, and if an 
image is projected here, it can use as a screen. 

[0053] In addition, in the 3rd example of the above, and the 4th example, since it is necessary to regulate 
the polarization direction of incident light in case the liquid crystal optical element 1 will be in a 
transparence condition with a polarizing plate 11, futility arises in the amount of incident Ught with this 
polarizing plate 1 1 . However, since it becomes unnecessary to form a polarizing plate 1 1 when having 
already polarized light like the projection mold display of a Uquid crystal method, in case an image is 
made, especially these examples are suitable for the projection mold display of a liquid crystal method. 
Moreover, although the liquid crystal lens was used from the former as a liquid crystal optical element to 
which the refractive index of liquid crystal is changed, this changes the own focal distance of a liquid 
crystal lens, and the light-scattering condition and the thing to make did not exist conventionally 
combining lenticular lens 3a like these examples. 

[0054] Drawing of longitudinal section and drawing 6 which drawing 5 and drawing 6 show the 5th 
example of this invention, and show the configuration of optical system when drawing 5 uses a 
projection mold display as a tooth-back projection mold are drawing of longitudinal section showing the 
configuration of the optical system at the time of using a projection mold display as a front projection 
mold. 

[0055] In this example, the liquid crystal optical element 1 of either the 1st example of the above - the 
4th example is used for the projection mold display of a liquid crystal method. 
[0056] This projection mold display arranges the filter 23, the polarizing plate 24, the liquid crystal 
display component 25, and the polarizing plate 26 ahead of the light source 22 which has arranged the 
parabola mirror 21 back. The parabola mirror 21 irradiates ahead by making light from the light source 
22 into a parallel ray mostly. A filter 23 is for omitting harmful infrared radiation and ultraviolet rays. A 
polarizing plate 24 is a filter which passes only the light of the specific polarization direction of incident 
light used as a parallel ray. The liquid crystal display component 25 is a display device which makes 
color image light penetrate by the active matrix. A polarizing plate 26 is a filter which passes only the 
Ught of die polarization direction which intersects perpendicularly to the polarization direction of the 
previous polarizing plate 24, and takes out only an image component from the light which the liquid 
crystal display component 25 penetrated by this. 

[0057] Ahead, the liquid crystal optical element 1 of either a convex lens 27 and the 1st example - the 
4th example is arranged at the pan of the above-mentioned polarizing plate 26. A convex lens 27 can 
condense the parallel light of the image which carried out incidence, and can be made to carry out image 
formation the liquid crystal optical element 1 top and ahead [ its ] now. 

[P058] When used as a tooth-back projection mold, as shown in drawing 5 , the projection mold display 
of the above-mentioned configuration adjusts the location of a convex lens 27, and carries out image 
formation of the parallel light of an image on the liquid crystal optical element 1. Moreover, the applied 
voltage of the liquid crystal optical element 1 or heating is controlled, and it is made for the liquid 
ciystal optical element 1 to be in a light-scattering condition in this case. Then, with a convex lens 27, it 
can be projected on an image by the liquid crystal optical element 1, and an image can be appreciated 
now from the front of this liquid crystal optical element 1 . 

[0059] Moreover, when using this projection mold display as a front projection mold, the location of a 
convex lens 27 is adjusted and the image formation of the parallel light of an image is made to carry out 
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ahead, as shown in drawing 6 rather than the liquid crystal optical element 1. Moreover, while 
controlling the applied voltage of the liquid crystal optical element 1, or heating and making it this 
liquid crystal optical element 1 be in a transparence condition in this case, a screen 28 is arranged ahead 
of the liquid crystal optical element 1 . Then, the image on which it was projected by this screen 28 with 
the convex lens 27 can be appreciated now. 

[0060] In addition, in using as an anterior projection mold, since it becomes right-and-left reverse, it is 
necessary to also change the image which the liquid crystal display component 25 forms according to 
this with the case where the image to project is a tooth-back projection mold. Moreover, when the liquid 
crystal optical element 1 is in a transparence condition and it has the function of a convex lens or a 
concave lens, the focal distance of a convex lens 27 will be assisted. 
[0061] 

[Effect of the Invention] According to the liquid crystal optical element of this invention, it can change 
by changing the light-scattering condition and transparence condition of liquid crystal between the 
conditions of making the condition of scattering incident light, and incident light refracted with lenses, 
such as a Fresnel lens, and making them condensing or emitting so that clearly from the above 
explanation. Moreover, it can change by changing the refractive index of liquid crystal between the 
condition of scattering incident light with lenses, such as a lenticular lens, and the condition of not 
making incident light refracted with this lens, but making it penetrating as it is. Furthermore, it can 
change now by changing the refractive index of liquid crystal between the condition of scattering 
incident light with lenses, such as one lenticular lens, and the condition of making it refracted so that 
incident light may be condensed or emitted with lenses, such as a Fresnel lens of another side. 
[0062] Moreover, if the above-mentioned liquid crystal optical element is used for image projection 
equipment, it is possible to make a tooth-back projection mold and a front projection mold serve a 
double purpose by change in the light-scattering condition of this liquid crystal optical element and the 
transparence condition. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The liquid crystal which is enclosed between the transparence substrate of the pair countered 
and prepared, and the transparence substrate of this pair, and can take one of the conditions of the 1st 
condition and the 2nd condition at least, The optical member which is formed in this liquid crystal side 
of [ one / at least ] the transparence substrates of this pair and which makes light condense or emit, The 
liquid crystal optical element which makes light condense or emit when it is a liquid crystal optical 
element equipped with the liquid crystal control means which switches this 1st condition and this 2nd 
condition, light is scattered when this liquid crystal takes this 1st condition, and this liquid crystal takes 
this 2nd condition. 

[Claim 2] The liquid crystal optical element according to claim 1 said whose optical member is a Fresnel 
lens. 

[Claim 3] The liquid crystal which is enclosed between the transparence substrate of the pair countered 
and prepared, and the transparence substrate of this pair, and can take one of the conditions of the 1st 
condition and the 2nd condition at least. The optical member which is formed in this liquid crystal side 
of [ one / at least ] the transparence substrates of this pair and over which light is scattered, The liquid 
crystal optical element over which light is scattered when it is a liquid crystal optical element equipped 
with the liquid crystal control means which switches this 1st condition and this 2nd condition, Ught is 
penetrated when this liquid crystal takes this 1st condition, and this liquid crystal takes this 2nd 
condition. 

[Claim 4] The liquid crystal optical element according to claim 3 said whose optical member is a 
lenticular lens. 

[Claim 5] the 1st transparence substrate — this - with the transparence substrate of a pair which consists 
of the 2nd transparence substrate which counters the 1st transparence substrate and is prepared The 
liquid crystal which is enclosed between the transparence substrates of this pair and takes one of the 
conditions of the 1st condition and the 2nd condition at least, this - with the 1st optical member which 
is formed in this liquid crystal side of the 1st transparence substrate and which makes light condense or 
emit this - with the 2nd optical member which is formed in this liquid crystal side of the 2nd 
transparence substrate and over which light is scattered The liquid crystal optical element which makes 
Ught condense or emit when it is a Hquid crystal optical element equipped with the liquid crystal control 
means which switches this 1st condition and this 2nd condition, light is scattered when this liquid crystal 
takes this 1st condition, and this liquid crystal takes this 2nd condition. 

[Claim 6] The liquid crystal optical element according to claim 5 said whose 2nd optical member said 
1st optical member is a Fresnel lens, and is a lenticular lens. 

[Claim 7] It is the Uquid crystal optical element according to claim 1, 3, or 5 which switches said the 1st 
condition and said 2nd condition by having further a heating means to heat this liquid crystal in order to 
cause the phase transition of said liquid crystal when said liquid crystal control means controls this 

heating means. 

[Claim 8] It is the liquid crystal optical element according to claim 1, 3, or 5 which switches said the 1st 
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condition and said 2nd condition by having further the transparent electrode formed on the transparence 
substrate of said pair, and an electric-field impression means to impress electric field to this transparent 
electrode in order to change the molecular arrangement of said liquid crystal when said liquid crystal 
control means controls this electric-field impression means, 

[Claim 9] A heating means to heat this liquid crystal in order to cause the phase transition of this liquid 
crystal, and the transparent electrode formed on the transparence substrate of said pair, When this 
transparent electrode is further equipped with an electric-field impression means to impress electric field 
in order to change the molecular arrangement of this liquid crystal, and said liquid crystal control means 
controls this heating means and this electric-field impression means The liquid crystal optical element 
according to claim 1, 3, or 5 which switches said the 1st condition and said 2nd condition. 
[Claim 10] Image projection equipment further equipped with the liquid crystal optical element 
according to claim 1, 3, or 5 which receives this image light that is image projection equipment 
equipped with the light source which generates light, the liquid crystal display component which 
changes this light into reception, changes this light into image light, and carries out outgoing radiation, 
and a projection means to project this image light, and was projected. 



[Translation done.] 
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